The crisis on infrastructure systems, mobility and the demands of service provision in increasingly remote areas with less values of urbanity that result from the dispersed city model, leads to reexamining the consolidated and dense tissues. While presenting a more compact land-use, there should be conditions of urban habitability of higher quality than those in the new undifferentiated and diffuse peripheries. In this context, the research analyzes comparatively different residential proposals of collective dwellings as a function of density. The objective of the work is to evaluate, from an architectural design dimension, significant cases of collective housing built in Córdoba city that offer higher levels of densification in relation to the building environment where they are located. It seeks to identify the advantages in terms of residential quality in the different housing proposals that integrate the cases of study and link it with the density adopted in its design. The methodological approach integrates an evaluation matrix that compares housing complexes with different density values. Analytical dimensions related to urban indicators are selected and others with indicators relating to the design of collective housing. Weighting criteria are used to construct a residential quality index (RQI), and to integrate in a simulation model of the concepts: Density and Residential quality. Finally, the results obtained in this first analytical approach of the problem of study are evaluated new interrogations proposed to advance in the analysis of the different levels of densification that are presented in the proposals and their adequacy. . The main research line is focus on the possibilities that technical decisions on urban planning have, to lead the processes of growth towards a more integrated and sustainable city, and to achieve a greater efficiency in land-uses, to counteract the main dynamics previously mentioned. In Córdoba city in the period 2001-2010, both the housing interventions developed by the market aimed at high and very high income sectors, as well as public housing policies developed by the State focused on the more vulnerable social sectors, promoted a dispersed model of land occupation, characterized by the decline in gross densities. It resulted in the increase of urbanized area per inhabitant 4 . The paradox of the process is that the extension of the urbanized area does not imply an improvement in the possibilities to access to urban land (or dwelling 5 ). On the contrary, even in the context of the country's economic growth (such as that took place in Argentina in the first decade of the 21st century 6 ), the deficit continues increasing while the city continues expanding. Large population sectors have no possibilities to access to urbanized land (or dwellings) inside the city boundaries. New residential extensions take place in a context where the consolidated neighborhoods that have urban capacity (provision of infrastructure networks, services and equipment) to infill or densify, lose population.
The Problem of Study in the Context of More Dispersed Pattern on Urban Development
The research problem is centered on a line of work that intersects two themes:
urban development and housing policies, from a perspective that considers residential interventions in physical space, not as isolated factors, but inserted in a context of urban-spatial production, with effects on cities' growth patterns. The housing issue is of interest as a tool that, when designing intervention policies to facilitate access to housing, can at the same time contribute to achieving equity objectives in city growth patterns. It also can attenuate residential segregation . The main research line is focus on the possibilities that technical decisions on urban planning have, to lead the processes of growth towards a more integrated and sustainable city, and to achieve a greater efficiency in land-uses, to counteract the main dynamics previously mentioned. In Córdoba city in the period 2001-2010, both the housing interventions developed by the market aimed at high and very high income sectors, as well as public housing policies developed by the State focused on the more vulnerable social sectors, promoted a dispersed model of land occupation, characterized by the decline in gross densities. It resulted in the increase of urbanized area per inhabitant 4 . The paradox of the process is that the extension of the urbanized area does not imply an improvement in the possibilities to access to urban land (or dwelling 5 ). On the contrary, even in the context of the country's economic growth (such as that took place in Argentina in the first decade of the 21st century 6 ), the deficit continues increasing while the city continues expanding. Large population sectors have no possibilities to access to urbanized land (or dwellings) inside the city boundaries. New residential extensions take place in a context where the consolidated neighborhoods that have urban capacity (provision of infrastructure networks, services and equipment) to infill or densify, lose population.
Urban land, as an asset that is subject to appreciation and strong speculation in the market, becomes a scarce commodity if we examine it in terms of the population's access possibilities, impelling a process of de-densification of the urban structure.
Ongoing research
The crisis on infrastructure systems, mobility and the demands of service provision in increasingly remote areas with less values of urbanity that result from the dispersed city model, leads to reexamining the consolidated and dense tissues. While presenting a more compact land-use, it is assumed that they have conditions of urban habitability of higher quality than those in the new undifferentiated and diffuse peripheries. So, the question is: to what extent it would be 1 Marengo, C., & Elorza, A. (2014) . Shlomo, A., et al. (2010) . The issue of the current research is "Density and residential quality, simulation possibilities in urban development" Is financed by National University of Córdoba and National Council of To expand on the results see Marengo, M. C. (2015) . 5 Uninhabited housing in Córdoba province is 12.8%, evidencing a strong concentration of real-estate market, and the increased of dwellings as an investment for high-income sectors. Source: National Census 2010. possible to densify existing areas in the city providing residential quality?
The paper discusses results to address this question observing that density by itself is not enough to achieve residential quality. As density is a considered a relative dimension, urban and architectonical dimensions are integrated in a residential quality index, to approach the problem of building a more livable, sustainable and dense urban form.
The research analyzes comparatively different residential proposals of collective dwellings as a function of density. The objective of the work is to evaluate significant cases of collective housing built in Córdoba that offer higher levels of densification in relation to the building environment where they are place in. It seeks to identify the advantages in terms of residential quality in the different housing proposals that integrate the cases of study and link it with the density adopted in its architectural design.
The collective housing projects are materializing as specific interventions in the urban fabric and are recognized by their significant urban form. They are developed through public policies or by the real estate market in urban renewal neighborhoods.
The concept of density is considered an instrument for planning residential interventions to achieve a more compact urban form, as opposed to the expan- 
Density, Some Definitions
The concept of density-from the perspective of physics and chemistry-is a scalar magnitude that refers to the amount of mass contained in the volume of a substance.
In urban terms, the concept of density is used in urban planning to measures the concentration of population in an area (usually defined in km 2 or hectares).
In urban-demographic terms, population density refers to the relation be-tween inhabitants per km 2 residing in a locality (data generally obtained through the national censuses of population and housing). Is a relevant indicator when one wants to account for the scale of a particular agglomeration or the urban dynamics, both in terms of its historical conformation (its evolution) or the present situation (to characterize it). Population density allows compiling comparisons on the evolution of urban development in different time periods. On a territorial planning scale, population density is used to determine the need to incorporate new urban land, social equipment and infrastructure related to population growth projections.
The processes of urban growth are produced by two different dynamics: by extension of urbanization (associated with the expansion of the city-boundaries and the decrease in gross densities) or by renewal of the urban fabric, modify the occupation patterns by replacing old buildings or increasing densities affecting by new uses (or the intensity of uses).
When refer to planning residential areas or urban design, the concept of density is used in physical-spatial terms to measure the compactness of an area and to identify the number of dwellings units (by hectares) in urban settlements.
Gross density indicates the number of dwelling units in an area (that includes other land-uses as urban roads for example) while net density indicates the number of dwelling in a residential plot, measured in dwellings/hectares.
In the case of study net density is calculated in dwellings per hectare and the plot considers only the residential area belong to the housing complexes.
In the last decades of the twentieth century, and as a result of policies aimed at achieving greater sustainability in urban development, interest in compact city theories and policies is emerging. Burgess (2001: p. 51 ) defines them as attempts to increase constructed area and residential density to intensify urban economics, social and cultural activities and to manipulate urban size, shape, structure and settlement systems in search of the benefits derived from the concentration of functions. In this context, when analyzing the advantages of densification at the urban scale, it is associated with environmental sustainability, that is to say: the reduction of pollutant emissions caused by individual trips and journeys, the reduction of energy consumption, the loss reduction of land for agricultural use; the more efficient use of public transport, the economies of scale that can be achieved in the provision of services and infrastructure, among others.
With the new century, the changes brought about by the globalization of economic activities and the new logics of expansion of urban settlements in the post-Fordist city led to the dissociation of concepts of urban settlements/city. As Malavolta (2007: p. 30 ) mentions, the density of the compact city is becoming less and less an indispensable prerogative for urban "to take place", as social and material construction, relations, uses and spaces. Other forms of urbanity are already found in contexts of diffuse settlements, which leads to question the uniqueness of the urban condition of the compact city, given that the two conditions of occupation (compact and diffuse) are presented in the same agglomeration. The population residing in a diffused urbanization does not have the cha-racteristics of intensity and density that characterize the consolidated city (Indovina, 2004: p. 52 ). The same author mentions that in a certain phase of urban development the concept of inhabiting was based on a connotation of the city as a collective space. Today this condition has changed and in the analyzes of the current urbanization it is mentioned that, the greater propensity to the movement, the greater accessibility in terms of time and connectivity offered by the technologies of information and communication, would be replacing the traditional concept of city based on population and buildings concentration in urban space.
The average density of a city as a representation of the urban form is an incomplete representation. The way in which individuals and families relate to the city is neither a constant nor a natural determination, but rather a cultural and political product (Indovina, 2004: p. 52 ).
Density subject is particularly versatile in the interpretation of urban phenomena, allowing the analysis of the transformation actions in the urban-architectural physical-space in different dimensions of approach (Newman, 2005) . It is possible to involve density at the urban scale, in normative premises, when considering sectors affected by renovation processes and also consider it in the architectural project, by proposing an occupation index (dwellings/hectares). It is presented as a useful variable when interpreting and measuring the lifestyles implicit in a given organizational model of the residential organization.
The signs of this "meaning" transformation suggest new interpretations in the urban analysis, where density can be an instrument to analyze the fragment and not only be considered as an indicator of the evolution in land uses.
When the analysis is applied to residential tissue, we use the concept of net density, bearing in mind that it is not an absolute measure, but a relative concept. So, the interactions between the variables considered in the analysis-that describe different architectural forms-are useful to explain the relationship between density and the residential quality proposed. In this research we supposed that even if the same density values are present in certain housing complexes, the residential quality conditions may vary according to the design decisions of the spatial organization and other subjective parameters related to the culture and the social acceptance of the levels of densification proposed (related to the preferences of inhabitants on collective/individual housing).
In terms of urban planning the processes of densification are associated with the possibility of optimizing installed urban capacities; improve urban vitality and intensity of uses. In developing cities, and specifically in the case at hand, this approach is interesting as a strategy to promote a more efficient and sustainable city form from the environmental, social and economic point of view, with a model of occupation that contributes to mitigate the impact on infrastructure networks and services by increasing economies of scale
Studies carried in Córdoba (Ramos, 1985) stated a minimum of 100 inhabitants per hectare to support urban development costs, by 2010 the gross density decreased to 50.38 inhabitants per hectare.
The Cases of Collective Housing in Córdoba

Background
Results of research carried out on the urban growth process in the city of Córdoba, in two inter-census periods 1991 -2010 (Marengo, 2015 confirm the increase in urbanized land consumption per inhabitant and the decrease of the gross density in the urban administrative boundaries. When examining the relationship between urbanized area and population, it was observed that the urbanized area increased per inhabitant, even though the in- .
Methodological approach
The growth process that prevails in Córdoba is the extent and a dispersed urban form (Figure 1 ). The research analyzes collective dwellings that constitute specific cases of densification and atypical situations in the urban tissue due to their compactness and density. The housing complexes were built through public housing policies (for low-and middle-income social sectors) and in the last Córdoba city has an urban administrative area of 52.000 square kilometers; its boundaries are defined by a square of 24 km of side, which include rural, industrial and urban uses.
period, by the real estate market for middle-income social sectors. The study of these residential complexes comparatively evaluates the residential quality in the different alternatives of spatial organization proposed. It relates the architectural-urban design of the building with densification values. It provides results on the effectiveness of each proposal (based on previously selected variables) as possible models to be replicated in future residential interventions. The study cases include 15 collective housing complexes, of public and private production. They were built over an extended period of time (35 years) from 1976 to 2011, thus present different criteria of spatial organization and conceptions on collective housing, according to the ideas in force in each historical period (Figure 2) .
The methodological approach considers in a first stage (which is presented in this article) objective variables. It includes the selection of variables and indicators that make it possible to recognize residential quality values to link it with density. The data survey was systematized through summary records. Subsequently, a matrix was formulated, structured as an analytical-conceptual instrument that allows the cross-linking of indicators in three different scales of analysis: urban, architectural and typological. The data are presented in a graphical language (info-graphics) that facilitates comparative reading (Figure 3) .
During the second stage of the research, subjective variables will be included (to inquire about the degrees of satisfaction of the inhabitants). An interview will the adequacy of planned parking spaces to social demand, the perception on security, the levels of coexistence between neighbors, the travel time (commuting) they spent each day, the places of provision of services and shops, among others.
The results obtained from the subjective approach will be integrated in the model to complex the residential quality index and its relation with density.
Analytical dimensions
At first we considered two scales of approximation: urban and architectural.
Six analytical dimensions were analyzed, comparatively weighed and integrated into an equation. A residential quality index was constructed for each of the 15 housing alternatives that integrate study-cases. The results were analyzed in terms of consistency. Finally, the alternatives were compared by linking residential/density quality values; preliminary conclusions were formulated, which feedback the second phase of the research.
Based on the documentary information of each housing complex, we recorded the dimensions of the plots and the number of dwellings. Based on the typological composition of each housing complex, the number of inhabitants was estimated and the net building density (dwelling/hectares) was calculated.
The dimensions considered to address the residential quality of the different residential complexes are as follows:
1. Square meters of residential area per inhabitant. In order to obtain this data, the total amount of built area for own use of the housing unit (without considering common spaces of the building) was computed and divided by the number of inhabitants.
2. Prevision of parking per housing unit, whether they are external or internal (covered or discovered). Data obtained from the information of the projects or data survey in situ. As the housing complexes that integrate the sample correspond to an extensive period of time, there are significant differences in the consideration of this aspect in the architectural-urban design of them.
3. Mobility, measured in terms of the distance (in minutes) from the housing complexes to a central point, in public transport. It was considered the time of the travel in public transport and the time for pedestrian itineraries from the dwelling unit to the bus stop and to the destination in the central point area in the city. Regarding this variable, we asked whether there is any relationship between urban location, building density and distance to the central area.
4. Accessibility, considers the availability of public transport lines in each residential complex. We wondered if the denser are those that have greater accessibility in public transport and if this condition is related to the urban location. 6-Green area per inhabitant, were calculated to be able to comparatively evaluate if incidence in the quality of the different housing complexes, and to have a reference with the values recommended internationally. for each of the dimensions (1 -6) considered.
The comparative analysis of the values obtained in each housing complex set shows a great dispersion in each analytical dimension (see Table 2 ). It shows the absence of common criteria in the urban-architectural design. For example, . In the survey carried out, it was observed that one of the most significant modifications in the design is the incorporation of parking garages to attend to the lack of forecast of parking lots. There is no direct correlation between this variable and density. 4. Accessibility: The number of transport lines, has a range from 3 to 6, (the median value is 4) is not related to the density of the housing complexes but to the urban-structures characteristics where they are located (on transport corridors or neighborhoods).
5. Open areas: the values are in a range between 4.78 m 2 to 25.5 m 2 per inhabitant (the value of the median is: 14.5 m 2 /inhabitants). This dimension is significant in all cases, although for different reasons, in those areas where the dimensions of the dwelling area are reduced (public housing units), the exterior space is the main extension of residential activities; in private partnerships, is a distinctive feature of the residential offer (as a leisure area, with equipment to develop recreational and sports activities).
6. Green areas per inhabitant: they vary from 0.4 to 31.5 m 2 (The value of the median is 7.52 m 2 /inhabitants). Some public complexes present critical conditions due to the low values green areas, while in others the low degree of main-9 There is an increase in the rate of motorization in the city. The values increase from 0.52 cars per household in 1991 to 1.35 in 2010 in Marengo, M. Cecilia (2015) .
tenance conditions the appropriation and use by the inhabitants.
How to Integrate Density and Residential Quality?
In order to integrate the six dimensions described above into an index, which allows us to compare relative values of residential quality in the analyzed cases and to link it with density, we test different hypotheses. A relative value was assigned to each dimension to weight the incidence of the different analytical dimensions in the final equation. Different tests were carried out to verify the consistency of the results obtained, given the large dispersion in the values of the series that had to be integrated in the residential quality index (RQI) 10 .
The relative value assigned to the variables in the final result represents a first positioning in relation to the importance assumed by the different variables in what is considered "residential quality". Although it is a hypothetical construction, it allows to establish a comparative reading of the housing complexes in terms of quality and to relate it with density.
In this weighting, it was assumed that the variable with the highest incidence in order to reach a high degree of "residential quality" was the availability of own use surface inside the dwelling, which was assigned a 45% incidence on the total (100%); second, the availability of open space for common use by the residents in the complex, which compensates for a reduced area for own use in dwellings, which was assigned an incidence of 20% (integrating the dimensions of open spaces and green areas in m 2 per inhabitant).
In third place in the weighting, was assigned to daily displacement times, given the differences in terms of location of the housing complexes in the urban structure, it was hypothetically considered that a greater distance to the center may negatively affect residential satisfaction (15%).
Finally, the dimensions of parking rates per dwelling and number of public transport lines were considered with equal incidence value (10%).
The residential quality equation was formulated as follows
where V is value of the variable; P is the weight of the indicator over the total considered, I is the positive or negative weight of the variable. The theoretical maximum value for a positive variable is "1" and for the negative it is "0". The maximum value that can theoretically be reached in the model is 0.85. This condition would occur in the case that one of the residential complexes considered in the analysis reached the optimum value in all the variables considered in the Based on this development, the following residential quality values (RQV) obtained in the respective housing complexes were the following (Table 3) :
It is observed that no housing complex reaches the theoretical maximum value of the RQI defined in 0.85.
Note the case of Example # 15 ("Milenica San Salvador") and # 7 ("Complejo Belgrano") where the higher RQI were obtained: 0.53 and 0.49 respectively (Table 4 ).
The housing complexes were built in different years, one by private management (# 15) and the other (# 7) through public housing policy. In size they are different, in a case composed by 178 dwellings (in two towers of 17 floors) and Note the case of the Example # 9 "Carlos Tejedor", (Table 5 ) which presents the most unfavorable value of the RQI.
It is a housing complex of public production, very dense (218 dwellings/hectares) and is composed of a small number of housing units (42) In the case of examples # 1 and # 4 (Table 6) , similar values of the RQI (0.47 and 0.46) were obtained, being located in an average range if we consider that 
Research Conclusions and Future Challenges
The analysis of data and the systematization of the results allowed us to verify the validity of the densification levels in the residential complexes analyzed in terms of the relationship between the spatial-criteria adopted in their design and the quality of life they offer, the facilities in terms of access to urban mobility, availability of parking space, and open areas for collective use in the housing complexes, among other dimensions considered in a first stage.
A first cross-linking of the cases studied shows that the existing densification levels are not directly related to the availability of the plot size or the urban location of the complexes. The urban-architectural typology responds to particular intervention criteria adopted at different historical moments (towers, strips, blocks), observing that density has not been considered as an intervention variable when planning residential complexes in the case of Cordoba City. On contrary, as the analysis shows density is a value that is deduced once the housing complexes are built. However, it is a useful tool when comparing different models of spatial organization and their consequences on the resulting residential quality.
The simulation applied to determine the RQI has allowed incorporating the analysis of the complexity derived from the simultaneous handling of dissimilar and opposite variables considered in the six dimensions. It is a useful tool to compare different architectonical proposals and to determine values of residen- tial quality implicit in each urban form adopted. The rationality and objectivity inherent to the model, the flexibility to incorporate variations that can come from exogenous changes to the problem, the management of inter-discipline, among other aspects, are seen as advantages when applying the methodology and evaluating the results. The analysis made possible to verify that, residential quality values are independent of the building density and, in high, medium or low densities; there may be situations of good or poor residential quality. This finding implies that in order to achieve conditions of urban efficiency, vitality and residential quality in the planning of future interventions oriented to a greater densification in the urban form, it is necessary to establish architectural-urban design parameters that guarantee good habitability conditions, independently of the formal model adopted. As the analysis shows, there are housing complexes with the same density, and similar RQI values and completely different urban patterns in terms of their volumetric resolution and architectural criteria.
Future challenges Density is a useful concept when planning new residential areas to propose the number of dwellings or inhabitants that can be housed in a given area. However, as the analysis demonstrates, it is a relative concept that must be considered together with other design variables, to establish specific guidelines to be achieved in the construction of new housing environments.
The case studies presented a wide range of values, depending on different design criteria applied in a long period of time, and also revealed the inexistence of common values in the different indicators considered in the design of collective housing. We mentioned that even if the same density values are present in certain housing complexes, the residential quality conditions may vary according to the design decisions of the spatial organization, and other parameters of a subjective nature related to the culture and social acceptance from different social groups, and conceptions and preferences on densification levels. For a policy to planning more dense environments it is necessary to socially agree, which is the range of values that should be observed in the design-indicators of collective housing, to ensure residential quality standards.
In the present article, some dimensions have been addressed (such as: per capita residential area independent of the typological resolution, the provision of indoor and outdoor parking spaces per housing units, the dimensions of common open (or green) areas in m 2 per inhabitants, and others related to the urban location, distance to centrality and facilities to be mobilized by public transport. However, the future challenges in line of research refer to incorporate more complexity to the model, as for example with qualitative variables in the analysis of residential patterns and a new modeling that links it with the proposed densification levels. By this way, going deep in new lines of research brings complexity and diversity to the development of sustainable urban densification models.
